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Mnltijataslxsg M#fcfe©& in a 
Mnlti Carrier transmit MT««»ity M#g%mi 



BACKGROUND OF THHI INVENTION 




: Pha present invention relates to the r tela of traarmxc ■■B.n- 
tenna diversity and in p& t eula to u method at rras * ipl £ ' i 
data words in a multi carrier transput: diversity ayatein. The 
invention also relates td a multiplexer for multiplexing a 
«£-|;i.?nce of data syH&ols and a demultiplexer for demultiplex 
in.g a multi pXessed se<p.ent'fa of data ^p^jols* 



ld-o:ar:ura„i,:i .hut do; a. 



fe&k traaspissiori. **cm in wirelssm ammmlcmim: aystema 
nave steadily i»t:raaa©d: fcrisg the last •: years , However* ■ peafc 
txsnsiuissiod rates are still Jimitea for sxasiple due, co path 
loss , 1 imit ed pp^pm^ ?f^i^3$$& fading , 

xrauatvitter diversity is ^di3igfej;y : effective technique for 
combating fading: in wireless ysoMauBicatioaa ay-atoms. Several 
difisraxit ttausmit divarsite^ ;S : K^aeTU^^ : feave been proposed , in 
Li, Y > ; Ohaang, a. CO; SoXlasnteerger,, Nl&hl 'Transmit tar diver-" 
aity for OFDM systems and its' Impact oa high-rate data aire- 
laaa aetaorka, ISBB aourBal on Salec* i\reas. f Vol . 1? t Ho . ?,• 
holy 13 -'-3 the transmit diversity schemes of delay, permuta- 
tion: aad '$pa£©*:fcitpa!:; ^odi^ltQja^: ^atspl^rily 4e0crlfted.. Aecorch- 
llSsj to the dalay approach, a riqnal ia transmitted from a 
tirsa transmitter antenna and signals transmit tad from far- 
ther transmitter antennas; are -delayed versions of toe aianal, 
-from: the first transmitter antenna. In the permacatiaa 
scheme, the modulated signal Is transmitted from a first 
transmitter antenna and peirmstatlons of th% modulated signal 



are transmitted from itrrthet transmitcsr antennas. By means 
of space- time: coding a signal is encoded ihtt sawps dai ; 
woras and each data word is t uuasmllted f^oss a dif f erent, 
transmitter anfc<snsa:, During the data worda are 

spread (or multiplexed) in the time domain by successively 
transmitting the data symbols of a data ward over a single 
carrier frequency. 

ft farther transmit diversity schema for. a mulCiearrisr system 
is space- -frequency coding. By means of space- frequency coding 
a signal is encoded into several data worem and as eh data 
word is spread (or multiplexed) in One frequency domain by 
transmitting' the data symbols pi "■ • :&afc& word on orthogonal; 
frequencies, i.e. orthogonal sobesrriers. hn sxe:mplary schema: 
for space -d reqcenoy coding is described in Mpdslcahu S, j 
Paulrc jo &<% k transmit ^diversity .scheite for frequency seleO:- 
tiv« f ading channels, rpsrocr Slobecsois, San Fv&aci ico, pp. 
IQ8S'SiGi3 ; Hov, 2QhQt: .2tocord&XK£ to the multricarrier system 
described in this paper. ths: data we ids relating to an en- 
coded signal are prefarafoly multiplexed in the tim domain 
alt hough ort:ho^;onai frequencies are available and the data 
^orM- -cqusM :%&m ■ in the frequency domain... 

rMs is due co the fadtf t&t if. multiplexing in the frequency 
domain is utilised tne ;e.33|sloysd frequencies, i>e. suhcarti ~ 
era f must see the a^sm^^ e^ which may cot always be pos- 

sible in a freqiieney selective fading channel ; Booster, in 
ease the suhcarriaW q^erdence the same channel, it is 
Stated that either multiplexing in the time domain or multi- 
plexing in the frequency domain or a combiruCien of the too 
may be used. By onmbinioq issitipXexiug in toe tome domain and 
in the .frequency detain toe data -symbols et a oate uora are 
simultaneonsly rani r ip! exes in the cSme domain and in the fre- 
quency domain, Tnls jEisass that the data word is spread born 
across time and across I reuuenaiesu 



Depatting from the pardons transmit diversity mchemes Mta~ 
art a huown there is e need for a method of multiplexing data 



wuds in a mu. ..:.c euiea transmit diversity system whcch cars, 
easily be adapted to the spesifioatious ot &i ff ©rent 
dommiifdcation.s dyMpm&s : ^k^m-'M ;.a&0# & rsps-ed for a corre- 
sponding- multiptexet mm a d^Kl:ti.|slax»r , 

BRIBF DESCRIPTION OF THE i3#EM0& 



The existing need is MtisfM if a method of multiplexing 
data words M a snrliioarrier transmit diversity system which 

)0 eofeorises the step of generating a plurality of data blocks, 
each data block comprising data words and each data word con- 
taining data symbols derived from data signal f the step of 
determining for oca or u-ore of the data blocks in dopcfidehhe 
on at least one transmission constraint if the data words of 

11 - : .mid one of more data, feloc&s ®m- to ise multiplexed in a time 
■domain or in a frequency domain and: the step of aiultipiexing 
the data words of the data blocks in accordance with the re- 
sult of the determination. 

m The tmlti^mlm m^P^ of the XKyehtion is not restricted to 
a specific traa^mit >'^£Va^^ -^fe^- -Afi long as the utilised 
transit diversity sphiS&e: &naMes to generate from a data sig- 
nal a plurality of data blocks having the above structure. 
For excrete, the transmit diversity schemes of block coding 

1§: and of permutation allow to generate such data blocks. Pref- 
erably, the generated dah^/Mboks have the structure of a ma- 
trix similar to a space- time block coda (STBC) matrix. Also, 
it is not required chat the transmit diversity scheme guaran- 
tees full transmit diversity. In other words- the invent ioxl 

30 does not necessitate that: each information symbol cesser! sed 
within the data signal ie. transmitted from each transmitter 
anker,. -.a . Koaetheiessv a. preferred embodiment of tda invenuaoc. 
oorgrisas the feature of full transmit stivers iiy. 

S3 Moreover, the invention is: not restricted to any number of 

transmit and receive antennas, : Brefef ably, the number of date 
words per data block equals the xurnber of transmit antennas 
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sueh that each data WW?<k ' :■■ a data block xmj foe transmitted 
from, an: individual £ras©mifc.fc;€>r antennaa II more than one re- 
ceive aateana is? provided* the r&ceiw diversity scheme or 
maximum -ratio combining c an be. app i i ed . Hove v e r ( other re- 
ceive diversity schemes may be used as well, 

According to the invention, it is decided on a data block 
level bow the data words- are to be multiplexed . The deeds! ah 
on the date block level allows to change the multiplexing do- 
r-sin from one data id ook to a subsequent data block vf&ioh is 
advantageous if one baa to cope with specific predefined or 
varying tranamisaion constraints, Mso }; the multiplexing 
method according to the invention can be applied in various 
wireless -tzcm^&b&t&SM ^&&&m : ■ • sp. j or changes due to 

the syecidto multiplexing flssxibillty gaiiisd by selecting the 
mnXtiplexing domain on the data block level . The mirltiplexing 
domain can, be determined for each data block i&di srid.ua ily or 
s imu.I fcaneoissiy for a plurality of dara blocks, Far.- exarEtpl®, 
it can be decided for a sequence of data blocks that all data 
words • • cowpr «. sed wlthm tide ssquenoe of data blocks are to be 
multiplexed in either the time domain, or in the frequency do- 
main. 

•••$h$ -^i:t:%i«3«d^ig:;l!oTjsai4*i- ^t&zv&Q^''h$ taking into account 
one or more transmission. co:h#raints * For example, the trans - 
mission constraints may comprise one or more physical trans- 
mission constraints or one or niore data-related transmi scion 
constraints. It cab also comprise both one or more physical 
transmission constraints and one or more data-- related trans- 
mis si. on constraints . The physical transmission conatrainta 
relate to the physical tbahs&i salon conditions and can be de- 
rived from physical transmissiou paralysers like a channel 
coherence bandwidth or a coherence tame.. The data-related 
transmission cons tralnta relate to system specific con- 
straints reaarding f or example : the employed multlpiaxiiag 
scheme for the data words, the structure of the data signal , 
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the structure or rne data blocks, the structure of the data 
words or the ru :: nclrsre of the data symbols . 

The data symbols may be derived: from the data signal in vsri- 
3 pm ways dependent on the transmit diversity scheme which is 
used. Zf, for example, the transmit diversity scheme of per- 
wmmm is used, the data symbols contained in the data 
words are permutations of information symbols comprised 
silhlu the data signal. Aa a farther example, if the transmit 
it diversity scheme of block coding la used., the data symbols 

contained M the data words are obtained from the information 
symbols comprised within, the data signal by tseans of permuta- 
tion and basic arithmetic operatxehs>: suph as negation and 
complex corymb ion. 

if 

The dsta signal from wbicfe the on^ or isor^: ■ ■.«$&£« blocks are 
generated can have any fo^afc.. Adcordihg to a preferred esi- 
bodimeot, the data signal im -the format of a resonance of 
discrete. iMxteMt spateelr, For example, the data, signal 

20 my have the structure of vectors, each vector comprising a. 
pi-adallihed h#a&er :of : Mor^bfon. symbols. The nature of the 
information symbols taay depend on the specific wireless com- 
munication system in which tfee miiltiplexing method according 
to the invention, is used. Many wireless communication systems 

25 employ different types of information symbols for different 
purposes. For exa.tnp.le, soma wireless communication systems 
use data signals which comprise a preamble, one or mora user 
data, sections or both a preamble and one or more user data 
sections. Usually,, the preamble has a predefined structure 

3d and is at nib zed for purposes like channel estimation, fre- 
quency synchronisation. : and timing synehrosirat ion , 

In the foiiowingi several exemplary aaca "related transmission 
constraints are described in more detail , According to a 
35 first embodiment,, tha data- related transmission const ra tut is 
a predefined number If of data symbols to be comprised within 
each data word ^bicb is, to: be mcitiplered in :t:be time domain. 
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■Usually, the % spools to be comprised within 

mch data word cannot: arbitrarily be chosen because it isay 
depend for esa:m.h.e on a code rate, on the Condition that the 
data blocks have to be oranooonai matrices or on the aval 1 • 
s ability of mm%y within the mulfci carrier transmit 

diversity system. 

When the data words of a specific data Mock are to be multi- 
plexed in the titng domain, the unmoor H of data symbols to be 
iQ comprised within each data word may represent the number of 
time slots required for the transmission of a single data 
word oyer a single subcarfiar * On the otter hand, wben the 
data words of a specif ie data block are to be multiplexed is 
the frequency domain, tim.. number of data symbols to be corn- 
US prised within each data «ord: stands -for the number of aufecar- 
riera required to transit. S- single data word i^&^-^S&^# 
time slot,:: 

Preferably, all data words of an isidirid^ali data block com- 

W prfse : the same member of data symbols.. If the data signal has 
iiebbh a -structure that the number of data symbols comprised 
within each data word of a specific data block equals the 
predefined ssuafcer 8 of dab® symbols, the data words of. this 
data block ms.y f '$m .&ulbi : £eexe#,4# fcbe- time domain. Otherwise, 

B 1 .. e . if the data signal 'has such a structure that the number 
of data symbols ooo.pri^e# ^Ithin each data, word of a specific 
data block does not equal the predefined number H of data 
symbols, ths data wsrds of this data block may be mnltiple.red 
in the frequency domain.,. Such a distinction will become sec •• 

M) essary it the data .signal or a portion thereof has a prede- 
fined length because the predefined length may imply that toe 
total number w', ; of data- symbols ^hicb corresponds to the pre- 
defined length of the data signal or a portion thereor is rot 
an, integer multiple of the predefined number H of data syo.~ 

rs fools which should he comprised within a date word to be mul- 
tiplexed in She time domain. In such a situation integer mul- 
tiples of the predefined: number $ of data symbols are ar- 



is arranged In a data block with data words which are mult i--- 
plemd 5 X: the frequency domain . 

Thus,: by combining multiplexing in. the time domain and in the 
frequency domain, data symbol f i. t t ing proh .1 ema resulting f.fgm 
the predefined number M of data aymbola to foe cbr^Srik^'. 
within aacfe data word which: is to foe multiplied in the time 
domain can foe solved. Such data symbol fitting problems may 
for example become relevant wb&n the data signai- or a portion 
of the data signal has a predefined length, because the wire- 
less transmission system fteoeBsifeates that the preamble -por- 
tion ox the -aser data portion of a data signal comprises a 
certain number of information ^ymfools - TfotiS the data words of 
all data foloeliS except for the last data Mock are ■witlt i- 
: pieced; I n the time dosarl a and the data words tsf tfsfi data: 
block are either myitiplassed in the time domaio or in the 
frequency domain depending on whfeher or tot the data words 
of the last data block contain a number of data .symbols which 
eqnsls the predefined number ¥ of data symbols. 



So &&£ the data- re ia red are asm ise ion con a trailer Q* a pre;; 
fined number H of data symbol®: to he comprised within each 
data word has been :ii'iu at rat. ad. Recording to a: second emhcd.i 
mant, the data si gaal. may gopprilse one or mora periodic 
structures and the data related transmission, constraint may 
he a preservation of the periodic structures such that the 
periodic str«ofonre«;: ; ars still: periodic on a receivar side. 
The one or more oex.iodic structures may fos> .oomoriaed within 
preamble ofi the ctit a. signal f fox- example in the .term ot two 
or more identioai: preamble information symbols. Per iodic 
structures are advantageous .Cleanse they a ilea the use or 
synchronisation algorithm,!? with, comparatively low complexity 



la case of mxsl ciplexing data symbols relating; to periodic 
structures in the. time domain the periodicity of the periodic 



structures may get lost. Therefore, at least the data words 
of data blocks which relate to the periodic structures or 
parte of periodic structures .are multiplexed in tee franaenov 
domain* By multipieitfng: She data ^rds of these data blocks 
re the frequency domain it £m fee ensured that the periodic- 
ity oi the periodic structures I0 maintained, 

liana, too data eords of date blocks generated from, pericdie 
structures or port I ens thereof are multiplexed in the fre- 
quency domain, the data words of data blocks generated frost 
the remaining; date signal are preferably nn; leird e.xee in tea 
time domain. It, for e^a^le, the data words of data blocks 
generated from a preamble comprising periodic structures are 
mfitipiexed in the ^•.oqusuoy domain,, the data words of data 
blocks generated from a corresponding user # ; Sa section rcay 
fee multiplexed at least partly in the sitae domain. 

instead of da fca ~£®l&fc&& .t%£nmim$vxi. ■■$$nBtv&ixxts or in acdi •• 
tion:: to data -relatea transmission constraints physical trans- 
mission constraints can. be taken into accounc when deciding 
if the data words of one or core specif ie data blocks are to 
be multiplexed in the time domain or in. the frequency domain . 
According to a preferred e^odiment:, the decision is made 
based on simul tasMo:dsIy evaluating a combination of one or 
more data-related transmission constraints and one or mors 
physical transmission constraints. 

The physical transmission constraints may he determined based 
on at least one of a ebaanei coherence bandwidth 

ill 



and a coherence time 



W0 (tWl^d* 
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nhsreir f s is the soppier frequency and te^ is the roor mean 
square of: tns delay spread: of the enamel: i«#ulse response , 

Many traustdx diversity schemes, require constant or at least: 
approximately constant channel parameters daring transmission 
of one date ward, XI the dabs, words are to he multiplexed in 
the frsqaancy domain,; a comparatively large coherence band, 
midth la required, This? maena that the relation 

% * Wt 

has to be fulfilled at least approximately, wherein H is the 
nurcber of date syadbols per data word and T is the duration of 
one of che das: a sy«itooi»,: i,«n the duratiop af. one tiw Bltst. 
IV comparatively large? poh^rfeSice teaadwidth r&qnirss that tim 
channel parameters: t>£ H adiacmt ^wfeaarrfers have to: he at- 
rcost constant > 

On che .other hMi3* x£ th&. 4akat -^wda are to foe mult Indexed in 
ths time ■ homadn* m, eor3paratiwl,y h=*xc?e coherence time ds re- : 
quired. This : :^s»s that the relation 

: i.f •» T - H (4; 

has to be fulfilled at least approximately... In other words? d 
aiibsequent data symbols hare to have nearly constant channel 
parameters, i.e. the ehaxinel parameter:-- for a single suhcar • 
rier hare to remain conn: an L for a period of U ' T. 

The physical, transmission constraint may be determined by as- 
sessing if one or both of the relations {'$.) end hi! ars fui- 
iiiied. Dependent on wnieh of rta tnc relations lM and (4) 
is. fell tiled heat it is decided that t be data words of the 
decs blocks are to hs asiItipXexa^ either in the time domain, 
■or in the friqpeney domain as a general rule. Deviations from 
this general rule &sa?y become necessary due to data- related 
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promts itt n v tix. piohlmsx eneoxmtexed isith periodic struct 
tures may i.o:s3£: tacc rciy.il although, multiplexing tix the time 
domain is generally bo be presferredi the data words of at. 

:> least some data blocka have to foe multiplexed %& tha fre- 
emen cy domain, &@ a further example, changing transmission 
Condi tions mag necessitate that the data words of. acme data 
blocks have to be s;uitiplersd in the tide domain and the data 
words of other data blocks have to be miutiplexed in the £&- 

a) :qvency domain, As a third example, the data words of data 
hlochs generated from a preamble my he mxatipleh:ed. in the 
titm domain and tns data: words of data blocks generaxed tfvm 
a user data section, may be multiplexed in the frequency do- 
main, dach a doss&ixsafci'cm:: t&e n&v&nt&g® chat the above- 
ititsntion^d data symbol listing problem . which usually is mo&t 
relevant for the "aser data section, csas be avoided while the 
mitttxpiexing' in thetisfia dotrs&in. of tbe data words of data 
blocks generated from the preamble a.l lov^a a good channel ea- 
cir>eorion,. 

M 

It a?as mentioned above that in order to achieve full diver- 
sity each information symbol has to be. transmitted from aseh 
tranamitfcer <:a.a:an.a-:; . A farther requirement of full transmit 
diversity is that the aiitehna signals are orthogonal to each 
la other. This means that the data symbols have to be modulated 
onto sub-carriers winch ars orthogonal to each Other. However, 
the invention can also be practiced in case the subcarrisrs 
are not orthogonal. 

M BRIEF BaSCRlPIVOC OF THE mmiMGB 

Further advantages of nae invention 1 1 become apparent oy 
reference to the following description of a preferred embodi- 
ment of the Invention in bbe tilghb of the aecompanying draw- 
IS inga, in which < 
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Fl-g< i shows a oat®: aigaal in the form c t a physical oarst 
to be processed: : _ ^md^o^^, ¥^th the invention.; 

F.ig> 2 is a block diayrarc of a transceiver for wireless 
communication adapted to multiples data words in 
accordance with the invention; 

Fig. 3: snows several modular ion schemes defined, in the 
H I 2 standard ; 

Fig. 4 shows the block: code encoder of the transceiver de- 
picted in Fig, 2; 

Flg. S shows the configuration of a transmit antaxraa di- 
versity scheme; 

Fig, 6 i& a. wcUmtatzc. .diagram- o£ mlfciplexijsg data wrd.s 
in the time domain in accordance with the inven- 
tion; and 



rzg. 7 is a schematic diagram of multiplexing data words 
in the fr^^ncf "tkmm % accordance with the in- 
vention - 

DESCRIPTION OF FEEFERRFD HMB0D1KBKTS 

although the :pare.Ssehc invenniori: can be used in any multx car- 
rier transmit diversity system vhich employe a transmit di- 
versity scheme: allomn^ em generate data blocks having a 
.structure as dssori:becl Mfym, the following description of 
preferred, embodiments; is e^assplarily set forth with respect 
to a ma I ti carrier system vliich employs orthogonal frequency 
division snol" iplescrng ,Ob'oM; and which nhiliaes block coding 
lor generating d®tainloo3ca u •••:•><• a data signal; 

'the racer in y imiidi carrier system deserdbsd heloF is derived 
from the European wireleaa local area Betvm;rk iiiltaF st.an.dard. 



\2 

hloa peri o t fecice radio: local area aafftllprk type a 
ikiX&&&tt&?$/ 3 } * IFF&TvKeAhy 2 syste;as are 3.&c$&cU£Ct CO oe opersFeo 
in the S GH&- frequency band. A system overview of mP.ERIsM5/^ 
xs ^xtSis i.n f-FHi '.i 13 .*. o l. Sc;3,. Broaaeaad hsdro Access* hetwcc"'as 
(erans ; HiPSRLMS Type 2* System &mrr-&m* vfiflfl faoDO-oa) 
and the physical layer of HIPERU^ya is described in BTP1 fS 
101 Broadband &&& : ip: Mmh-B- U^tmp^M t&M$$) ; HlhEaiaiM' 

Type 2; Physical (PHY) Layer VI > 3, . 1 (2000 "04} . The mcltiear 
rier scheme of OF DP) , which, is specified in the KIP£FhlSh ! /l 
atartdariiv is vary robust in frequency selective snv i r onitient s 



up to now, aha system ahd siany other wireless cc; 

mucicatioss ayatams do not suppopt trapatridt diversity in 
spite of the fact chat transmit diversity would improve the 
transmission, performance and redues naqapiw affects of fas 
fadinc lite &ayleiqh fading,. However, applying standard, 
rransadc. diversity schemes to w$.t icAirri conmunici® t ion® 
syscer$s may lead hp various problems **hich are hereiaaf tab 
exampXsriiy described with respect to the ■■MBBk'LM/2. system 



IP Fig,, I .typical physical burst of Bl$K$thbN/2 is itlus- 
traced. The physical burst comprises a preamble consisting; of 
pres;mfeie symbols m<& a msec data section eonsistiay ©£ user 
:;dihphpy«&pls:v: Xn HTPERLMS/2 five diff grant physical bursts 
are specified and each ifcind of -physical burst baa a unique 
preamble. However, the Ihst three preamble symbols constitute 
a period .a structure which is identical bar ail preamble 
types . This j^.tei ; i!sM^.^., ■ ^t^^iss^'ii-^is- consists of a. short OFDM sym- 
bol C32 Of 32 samples followed by two identical rsgn.l ar OFDM, 
symbols CSa of 64 samples . The short OfBb symbol C33 is s cy- 
clic prefix which is a repetition, of the second half of one 
of the (tai OFXM symbols. The so~calidd. F -preamble depicted in 
F 1 is used in; llPSRPhM/F for channel estimation, fre- 
quency syochroniisatfoii and timing synebrc^bFaticna The peri- 
odic structure wi chins, the e-preaaisie is necessary in order to 
allow the use. of synchrouisatios; algorithms with compara- 
tively low complexity. 



The user data section, of the physical burst depict ad in rig. 
1 eo^rlses a variable n^fcer H sv „ of OFDM symbols required to 
transmit a specific protocol data unit (W) t rain. Each OFDM 
5 Bvmbol of the user data psoetiop, consists of a cyclic prefix 
and a useful data part, The cyclic; prefix consists of a cy- 
clic coup imiat ion of the useful data part and is inserted he- 
tore it. Thus, the cyclic prari^ is a copy of the last sam- 
ples of the useful data part, The length of the useful data 

m part is equal to 64 sasupies and das a duration of 3.2 The 
cyclic prefix has a length ci either 16 (mandatory) or 8 {op- 
tional) aarsplas and a dur&fcipp of 0,8 p& or Cy4 ps f respec- 
tively. Altogether, a Oftp ^yt&cis thus has a length: of ei- 
ther SO or ?2 samples corresponding en a syobol duration of 

py 4 ; D us or 3,6 Ms, r®Bp^5&$%$ i .. &fc <mM . thereferi hau 

an. extension in. the t±m domiu, & OFm symbol further has an 
extension in the frequency doma/^ to HIFSRbhH/a , a 

OFDM symbol extends oyer ' ^oasriers., ,4:0 suboarrisrs arc 
reserved for complex valued snboarrier tnodulatiori symbols and 

20. 4 subsarriers: ape j^w^isd or pilots.. 

From the above it hBcatsx&& ele&r dihat the Mtm&Jwf'Z physical, 
burst dspiccec in Fig. 1 has p. predefined length both in a 
time directiopr^^: dfe t.a f requency direction:, Moreover,, the 
25 physical burst of Pin, % ■■;mmpi&pm a periodic structure. It 

are among others thasa features of tfes physical burst of Fig, 
1 which snay lead toc^rohlema Mhen the HXPEPLaP/2. syslais or a 
similar wireless; commx) n i cat ! on system has to .be adapted to 
transmit diversify. 

it 

For typical HXFSRIsAN/2 scenarios the above relation |4) is 
usually fulfilled desecause the coop" er frequency £ B . is oo;u- 
parativeiy low> Io»#er, especially in outdoor environments; 
relatively large delay spreads can occur. Consequently r rela- 
y tion (3) cannot always: : Jo fulfilled, yherefore f a transmit 
divers. *\ scheme like STBC Railtipl'S^iaf in the tinte domain 
should general iy be a preferred transssit diversity sbhm& foi: 
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m HIBK : :Ri<i*s/2 scsTiario f roar -the. point of view that the chasinei 
over one space- time data word sbottld foe> «a constant as pOseii- 
:ble , Ms^sver; severe pas$bi;g8ir -.ar.i#jg-. : Ws&&- • is applied to 
physical bursts having the structure depicted in Fig;. 1 or a 
5 similar a true cure, 

Both the physical hurst and the OFDM symbols comprised 
therein have predefined dozens ion a in the time domain scad, in 
the frequency deviate . Concur rexit 1 y BTBC requires that each 

It STBC data word has a predetermined length ®. Thus, data, unit 
fitting problems arise if the d i me n a i on of e.g. an OFDM syi- 
boi of the preamble or of the user data: section cannot be 
mapped, on an integer multiple ot the length of one STBC data 
v?ord. Moreover-, when applying STBC to the periodic C-praambie 

h depicted in Fig, X, .t.Ji« periodiciny of- the C- preamble gets 

lost . Tbis : is &ua ho : tis& fact that fche -one- or mere BTBC dsha 
words rolatiag to- the- second OFDM eymhol will no longer 
he .equal to the one or more: STBC data words relating to the 
t&t&ii .£&%..;0%tM symbol. The loss <j£ periodicity :bp$$9&r. t . 

29 ieadi to the problem that the symbol synchronisation algo- 
rithms which make vm* ■&£ -a periodic structure within the pre- 
amteie hah no longer be employed, hiso? the C32 OFDM eyihboi 
cannon serve any : io^gierrasi a guard interval separating the 
OFDM symbols within the preamble- The reason therefore is 

25 that in case of euil ipath propagation the first CF4 »« M " » - 
fool interferes with the second 064 OFDM symbol which is no 
longer equal to the first €€4 0FJ5M symbol. 

The above problems and further problems not explicitly dis- 
ss cussed above do not. occur when the data words are oultiplsxed 
in accordance with; the: invention;., in Fig . 3, the physical 
layer of a transceiver XO which is adapted to implement the 
method, according to the iwatlsa is Illustrates,. The trans-- 
oecvsr XQ comprises n Scrambler 1,2; an FFC coding unit 14, an 
M interleaving unit la, u mapping unit IB, an OFiM unit 20, a 

hurst forming unit. 22, a block code encoder .14 > a mxiitipbexer 
: & s redic - corn Intes $q and a control unit 32.. The. block: 



code encoder 2* and the: ¥kit%i^ts^- ^y-tpspp^^ farm a& 
eoder/maltiplexex unit 28 , 

the transceiver 10 depicted in Fig. 1 receives as input sig- 
nal a PDU train furcr a data 1 iux control (DiLC) , Each PDb 
train consists of iut'orsnat ion hits vdiich are to be framed 
into a physical burst, i.e. a sequence of OFDM symbols to be 
encoded; malelpieaed and transmitted. 

Upon receipt of a &DU train the trans miss ion bit rata within 
the transceiver 10 is configxired by choosing an appropriate 
physical mode bsssd on a link adapt i r.>n mechanism. & physical 
mode is characterised toy a speciiic modulation scheme ard a 
specific code rate. In the HI PERh&N/' 2 standard several dif- 
ferent oohBrertt ma&al&tioii &g}b&m0- XiJte B&SK, QPSK f , %.$~-QfiM 
and optional m-QPM : aape specif i&dh .Also-, for forward error 
■control f -©onvolutiojral codes with, code ran es oi 1/2, . B/M and 
3/4 are specified ^faich a : s"s obtained toy puncturing of a QOrs.-- 
wlnti;Ori.ai : t0oth®r cpfi&- of rat# T#m» possible resulttocf 

physical modes an?-- in Fig ■<,. 3-. : The dans rats ranging, 
f roi 6 to 54 Mbit /a can be -varied by using various signal al- 
phabets for ^d|ildbibs [j^-ptim snbcarriers and by applying 
different, ptincturiug patfcsrnB to a mother convoiut.ional code.. 

Once an appropriate physical mode has bean. chosen,, the H Sf . ai; 
information bits containedlwithip. the PBu train are scrsTshled 
with the le.ngth-127 strassbler 12. The scrambled hits are then 
output to the F£C coding unit 14 which encodes the I'd 
scrambled PDU bits according to the previously set forward 
error correction. 

The encoded bits output by the FSC coding unit 14 arc i ipixt 
into the im:erie3~v'ing ux2.it 1€ wSion interleaves t-si" encoded 
bits bv using the appropriate Interleaving scheme f<-~ the as- 
leered physical mode,. The inter leaved hits are .cy. < :ulu . ae 
saapping nnxt IS -re: car axdh ; carrier modulation by mapping the 
interleaved bite into ^aulation constellation, points In ac- 
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coreaece wita- lot causer pliyMcal mode is performed, as men- 
tioned abcvv, the QfpM pcbearriers axe ssiodalated by using 
:BPSK . QPSl., or M-ipS siodaaatloK: aegeading sn the 

physical mode selected for data feranamissioa, 

5 

The mapping unit 18 cntcuts a stream ox complex valued sub- 
carrier tmmi®¥m symbols mich are divided is the Of EM unit 
in groups of 4S complex uun&sors, la the OFDM tmlfc a complex 
bass band signal is p:; odoeed toy OFDM modulation as described 
SO in ETSX m M Broadband Radio Access Network a (BR7«h ? 

mmm,K$ Type 2? rbysieal (PHY) Layer, VI .1,1 (2000-04) , 

The complex, base band OFDM sp&ols: generated within the OFDM 
unit 20, ; where pilot mhbearrierss are inserted, are input into 

Xi the physical curst hdit 22, where an appropriate preamble is 
appended to the FDD train and the physical burst is built , 
Tde ;|3bysicai burst produced by the pby^icM: bhrst unit 22 has 
k ioxmf as depiefed d^. £%* l » phy^i;pal burst wii&.. %%■<,,. 
thus outputs a ^eque^qe of: cowplm h&m hmi.& owm Bfrntrnkm in - 

:® the form or the physical burst: to the .block code encoder 24. 

The function of the block code feeder 24 is now generally 
described with reference W Fig. 4, In general, the block, 
code encoder 24 receives an input, signal in the form of a se-> 

25 guence ci rectors X - [lpe„, > ,X x j " of the length K . The block- 
code encoder 2A encodes each rector X and outputs for each 
vector X a data block cowrie inn a plurality of signal vac •• 
tore cr <J h g i:i l, , , f c iM; m depicted in Fig. 4, Each signal vec- 
tor C' s; ' , ...... C i! ' !; corresponds to a single date word, Tbhs f 

30 the data block -genera ted from the vector X comprises >'■- data, 
words chore in &1 is the number i>f transmitter antennae. 

Bach data wc?r« € ;s with i ~ comprises data symbol®,- 

i„e> each data word , bad a length of Hi. The value of t 
IS: cannot be freely abosap since the matrix C spanned by the 

data words C' :: " has to he orthogonal in this embodiment. Sev- 
eral examples for data bioebe in the fori of orthogonal coda 



wo oa/ftTsm ■'VMfmamm 

- 17 

isat rices C are describes 1JS 6,088,408 . In the bloch coding 
approach described:: in the prsaeric e«£<>dimant ail aaea syrrejoXs 
eb of tfee cMe matrix C are ^e^iwd: ths co?«ponefits of 

the input: ysqtox ^ and mi^X'm 1 inear f nnot :i oas thereof or 
5 pi its complex conjugate. 

If a receive a local veer or \' at one receive aetennu is de- 
noted by ¥ *5 roY< - • • bJ o the relationship between Y and the 
code matrix C is ss bellows ; 

\0 

; : 



I:-*.-.* ■■>! '-'x.-»..x v *. * {■ 
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where h ;i; represents the channel coeffleient. of the channel 
m from the i»th transmit aataam.,"feo.. the receive antenna. A gen- 
eralisation m/mz& r tm^® antennas ie straight forward. 

In t;fe^^ code see trices for 

: two-end three tran^mifc&e^ : a^tetmas f respectively., ere elis- 
20 cussed in ssore detail. The configuration of a wirelees eofsnra- 
nidation system with two transmit antennae and one receive 
antenna is depicted in Pig. Si For two transmit <cu.ex:.nac one 
possible block code «rir C with a code rate R « 1 ie ; 

" X-x ab" 
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For three transmit, autumaas .mim. possibXe block coda matrix Ct 
with, a rode fSS R * 0.S is;. 







a* 
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The pod* rate R is defined as the mtdo of the length X of 
the iapuc vector X and. the length M of each, code word C :iii : 

:R « K/H 

(S) 

M. can be s&e£x:£ra& Fig. tb« block code encoder ;>4. outputs 
tor ea civ data signs! is. fc&e forts of s. vector- X a date jblotx 
:1b the form of a ^atri^ The data block, output by the block 
code encoder 24 is input iato tne fsuitiplexcr IS vt rr> oalti- 
pi&xes the data words tyattOre C Uj ) of each date block in ac 
cordeiioe wicb an a-ctemaxly provxcieo conorox axguar extter xts 
the time dooeixs or ip t he £ requeucy donate. . The control sig- 
nal ±b oeneretad fey the control uoit. 33 based on an assess- 
csent of the ■t.vmm&m$p& #^a^ts?mint^ . She ascendent of the 
transmission cons fcralst stand r. be control ling of the soil ti- 
plexor 26 by ^e&ns of. the control tnrit 32 will fee described 
later in more detail. 



la the faulticarrier acbeoe OFDM, hue output of the block code 
encoder 14 is moduln ted onto Biibcarriers ohieh are orthogonal 
to each otteit There exist- e^^afcially'tw -possibilities, to 
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multiplex a data b>gfefc cornptd sing- individual: data words is an 
amm system. According fco fimt \^®&i&X%i$y--- ir; - 
Fig, §;» the data worda; specific data block are ext ended 

i ri tli© time direction CSTIiCi » In ©titer words; The data moras 

,5 are multiplexed in the time domain. According to a second 
possibility., toe data words of a data block: are attended in 
the frequency direction as depicted in Fig - 7* This means 
that the data words are multiplexed in the frequency dome it > 
Multiplexing the data words of &: data block: in the form of a 

iU code matrix in the frequency domain will in the following be 
referred to as space- frequency block coding (SFBC; , 

As can be seen t rem Figs. 6 and 7, the individual data, mutds - 
of a data block arc transmitted from different transmit an- 

Si: tennas. According to the multiplexing scheme of Fig ; . 6, an 

individual data block is transmitted on an individual suhcar- 
rier over a t::mee interval of M • T, wherein & is the number 
of data symbols per daca word end T is the duration of one of 
the data symbol a. nccording to the multiplexing scheme of 

M Mg;. 1. an .individual data block is spread over M sunt art ier<; 
and is transmitted during a time interval of bb. it can 
clearly be ^|S^- "3&liafc. "^^zin^fc^gO^Ss^Sf scheme of Fig . 6 can 
generally be «r#l : oys;d when the relation U) Is fui filled and 
the multiplexing scheme of Fig.. 7 can generally be employed, 

7i : when the relation (3) is satisfied. 

The encoded and muilbl^lesdsd output signal of the e»~ 

ooder /multiplexer unit 28 is input into the radio transmitter 

30 , Tec radio transmitter 30 pel-forms radio transmission over 

30 a plurality of cr&nsrtit ehfehnah by modulating a radio fre- 
quency carrier with the. outpuc signal of the en • 
coder /multiplexer xmlb 28. The transceiver m of Fig. 2 fur- 
ther comprises -a receiver stage not depicted in Fig. 2. The 
receiver stage has a physical layer with components for per- 

T$: forcing ode anuerae operaruons of the e-^mp ononis depicted, in 
Fig. d- For example, the receiver stage comprises a descram- 
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fole:r t a PFC decoding %mit t a dssail t iplexer/d^coder unit ¥ita 
a <ie;-.uix ;p!e;--or and ^Jsl^k colte decoder, etc, 

Mm, the control of the multiplexer 26 : be described in 

5 more detail with reference to both physical and data-related 
transmission constraints that *ay occur if physical burets as 
the one depicted in F.%, 1 esrijioyea. In accordance with 
typical Hi ;>Epi,AP/y scenarios, it in supposed that, relation 
14) is falhiiisd and that it cannot always fee guaranteed that 

50 relation (3? is fulfil I ad. This corresponds to the realistic 
situation that the basic performance of STBO tranSEsissioa is 
better than, the basis perior^nee of SFBG transmission. Basic 
performance here means that only physical transmission con- 
straints are taken into account . In such, a case the control 

is unit 33 may decide that the data blocks have to be multi- 
plexed in rhe time domain, Ifowwery if the physical trannmie • 
.slot pacatmsters cby*»g<^ there might ..&gcut the cape vhera re- 
lation (e) is no longer ;rpXf|Xl©d w&ejp&fc© rel&tioa C3i is 
;f : hlll.li0du.a.ti 'least approximately. In this c a s a t ne c on t no X 

m: unit m. will decide that the data words of the data blocks 
are no longer vetitiplened in the time domain. Instead,, the 
control unit 32 controls the multiplexer 26 such that the 
data words of the date blocks are multiplexed, in the fre- 
quency domain. 

So far only physical transmission constraints have been con- 
sidered. Should data related transmission constraints also he 
of i^portaace, the control unit 32 controls the multiplexer 
26 by additionally taking into account data-related tranSteis- 
is sicn conatraints:. 

It has been s;en t i dned dhove that the transmission constraints 
s:h.i.:oh have to foe considered in content with the physical 
burst depicted in Fug. l are the; preservation of a periodic 
IS structure in the: S-preamble and Che provision of a pradef ined. 
number M of data syrabols in each data word which is to be 
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multiplexed in, fc&e- time Sm&tn* These two data- 1 slated r.rans- 
mission constraints can occur is several combinations.. 

According to a f irst M$ma&i&, i ;: tM a^ha ei<gnai has the struc- 
ture of the physical hurst depicted in. Fig, i and comprises a 
usee data section end a. preatshis with a periodic structure. 
It is ttxrthsr supposed that the data -related transmission 
constraint of preserving the periodic .a trust ere has to he 
taken into ?oc count while no data symbol fitting problem oc- 
curs with respect to the user data section, In such a case 
tha data words of data, blocks relating to the preamble are 
multiplexed it accordance- ywifch SFBC in the frequency detain 
and the data moras of dsta b : lpbk& r^l^ti^ to the usee: data 
section are onltinieKed in accoTsianca with WEBQ in tha, time 
domaihv By nmltiplexing the data words derived from the pre- 
amble is the treqnency domain .a preservatioa of the order oh 
the C32 OFPM symbols an# the tm> 064 OFJM ayTsihola cap he 
achieved. 



According to a second scenario derived from the physical' 
hurst depicted in Pig. %> the periodic strut tare within thp 
preamble has; to foe preserved mud. additional ly the data symbo; 
fitting problem ; ha $ to be taken into account with respect to 
the user data sj^id- ihike in the first scenario.* the data, 
words of date blocks derived from tha preamble are multi- 
plexed in accordance with SFSC in the frequency domain . Due 
to the date symbol fitting problem tha data words of the las' 
data block relating to. the deer 1 data structure contains lesa 
than the predefined dumber h of -data symbols contained in 
aata words of the previous data blocks* 'therefore f only the 
data words (containing: the predefined: number If I of data sym- 
bols} of the previous:: dmtalbiocke are multiplexed in accor- 
dance suth hi sc in the time coma : a , r rhe data wards of the 
last data: block contain !% ^ mod Cd : ./Hj data symbols son are 
>u - rip hexed in accordance with SFBC in the frequency domain , 
wherein M is the total number of data symbols to be crane-- 




According to m third scenario.. : tM : Is#mlit:ed tra.nanussd.on 
constraint of the prss&rvat.i^G- : of a periodic structure 
tim prenyls is not relevant but the data symbol fitting 

% problem is relevant with respect to the user data section , In 
this case the data words of data blocks relating to the pre - 
and!;.- are multiplexed in accordance with STBC in the time do- 
main and the data words of data blocks relating to the user 
data section are reel tiplexed as described above for the see- 

Hr ond scenario. In other words; The data words of the last data 
block have a length of % : d&ta Bye&sol® and the data words of 
the previous; data blocks have the pr^d&fiiiea length of d data 

..&eoordinq to a fourth scenario^ th& datm-rel^oed transmission 
constraint of preserving a periodic structure has: not fed; be 
oaten imto aenount and the physical tranamiasiot constraint 
of Hv * N/I : is at least approximately fulfilled.. Id this case 
the data words of data blocks -relating to the preamble *r* 
nul%iplm&i in abcoir^a^oa wii6h in the time domain and 

the data words:- of data Mocks relating to the umt data sec- 
tion are multiplexed in accordance with SFBC in the frequency 
domain. By using STBC £o».-.£fck ; |>tW&l* a good channel estima- 
tion can be performed v Dae to the caae of STBC for the pream- 
ble one slightly worse performance of SFBC can ba compensated 
by means of receiver algorithm* for interference suppression 
baaed on the good ghdphai estimation, being STBC for the pre- 
assble and B?SC for the user data section has the advantage 
that data symbol fitting problems with respect to the near 
data sect i on do not -sops-art 

Additional scenarios based on, further cOKsbinations ot data- 
related and physical craxisiai/ssioa constraints can easxiy foe 
realiteG in accordance, with the invention. Also, the iuven- 
3S tjoh can easily o a applied to data signals having a strnernrs 
different from the structure of the physical .htrsrst depicted 
in Pior hi Although the invention i& preferably practiced 
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with the transmit diversity scheme of a combination of STBC 
and SF3C , othsps transmit diversity soaetnes can be used as 
well, 
6022 



%;„ t method of ciuXtiplaring data words? in a multi carrier 

transmit diversity system, comprising; 

a:} generating a plurality oihdatf >blocks (c) , each 

data block (C) tsos^ri&ibi data wore;? (C ;i; ) sad saai 
data word (C U! ) eonrahring data sft^s>Xs (c.< i ■ de- 
rived from a data signal ; 

b) determining f or : dr #d-re : ^^:^Q<M& (C) in de- 
pendence on at lease one transmission ^0^^raiafc : , ■■$£, 
toe data words i€ !i; ? of said one or mora data 
blocks (C) are to fee maltipieKed in the time domain 
or in the frequency domain ; and 

•a> mixit iple&isig the d&ta worsls iCJ n? ) of fc.lie 

blocks? iC • hli ■■m^M&nca with the deterssinat ion in- 
step fed > 

2< The method according to claim jt f ; 

wherein the data signal comprises at least ope of a pre- 
amble: and a user data section. 



therein the at least ope transmission consrraint son- 
prises a data-relaoed transmission constraint. 

4 . The method according to claim 3 .• 

wherein the data -rerate^ transmiss ion constraint is a 
pre-defined camber tH) of data symbols ic,"') to ha com- 
prised pdchm each data word iC^h vdrcch %% to foe . malt 
plexed in the 1 1 me dotnaln . 



to c.;.cin 



nsaininq the predefined 



• y iMl n£ data ..symbols Cep"' sre mix j: 'exi.:! i u % ne 
iam&ift and the data words containing, core cr 
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lees data aymbole {c{ fii 'h are : Miltipl0Ked in the fra-- 
quency domain. 

*s , ;me re^chod ascorclwg to elaiSi i or 5* 

wherein the data signal or a portion fc&er.eo£ ' a pre- 
defined length and wherein integer multiples of the pre- 
defined number of. daa& symbols {Cp'M are arranged in 
data blocks ic: .with data mrcde i& n ) which are molti- 
plexsd in the time domain and a remainder of data cym- 
bals {Cj- iV ) xa arranged in data blocks iC\ with data 
words ;c" i: } which are awltiplexedi in the frequency do- 
main, 

?, The method according to claim 6* 

wherein the near data section of the data signal has the 
predefined leagth. 

Si The method according to claim i, 

wherein fehfe.- dap^Vwd^d^ (C^f "of data blocks (C) relating 
to the preamble are either multiplexed: ooaspietaly yip the 
€%is<$i&Ticy- &$imi.n ^-.pibifi^i-etely in the time domain, de- 
pendent on the trans^i^ioP bd^t^aipt > 

■py the method according: to one of claims 1 to 8, 

wherein the data signal comprises one or mora periodic 
structures (£32, 

ID, The method according to clahu % 

wherein the one or more periodic structures fdda, C64) 
are contained within the preamble , 

11, The method according to claim 9 or 10, 

;^erein the data - related transmission constraint is a 
:pb#sp.^#|d^^':^|;: t&e one or more periodic structures 
(C3S,, C$41, 

12, The method according to one of claims 9 to 11, 
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wlierafn fet least the: Sat a mz&s |C a? j ot data blocks (C) 
relating to the periodic structures {C32> C64-) are atul- 
tiplexed in the; ih:eo;neaoy domaia< 

5 13:, The method acccrdir.cs ho ciai-?> 12, 

therein: tns data wcrds lC a> } of data blocks (C) relating 
to tha user data section are muihirbsxed in the time do- 
ma i,V: > 

it 14, The method according to one of claims 1 to 13.. 

wherein the at: least one trais^missios constraint cos- 
prises a physical irsnspis&ioh mtxakt&Mtl 

IS . The method according to claim 14 f 
IS wherein the physical transtaisslosi: coristrmist is deter- 

mined baaed on at least one ®t,M coherence .,^a^dW:idtfe^^4.' : 
a coherence time. 



16 . The method according to cl&itn IS f - 

wherein the physical -traS»BBiiftaiQ» ■.eoaasttsifcfc is deter- 
sines hy «^e^Mngtie the relationship »,.> ol/T is iol~ 
f iiled* i^hereisxiBf, Is the oaheren.ee bandwidth $ is the 
mtfiber of d&&4 ■ %y$bc&®. Ccp v> 3 per data word (C U! J and T 
is the duration of o»© of the data symbols (;dp I? } , 

.17 , Toe settee according to claim 15 or 16, 

ym$$&i$$: 't&i: ■^yM^l.^t.^rs^Jsi's^iw constraint is deter- 
mined by assessing if the relationship t,.»:«T is ful- 
filled, wherein t c is the coherence time, H is ths nam- 
her of data symbols is/"} per data, word (c ii: ) end T is 
the d,oe!:ion of one of the data .ryots is io, !i: }> 

18 , 'the method acoordisio to claim %,& or 17, . 

wherlsih* whan the physical transmission constraint 
B e >:>H/i r is at approxlsnatei y fulfilled^ the data 

words. {th xf 3 of dsns Mocks (C) relating so the preamhie 
are «0k spieled in the tima domain and the ciata words 
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(C- ;> ) of data blochs : i<S) ■relating; to t&e user data se- 
quence are multiplexed: in the frequency &»aln, 

IS. the method according ta OK of claims 1 to 18 . 

wherein the data blocks CO are obtained from the data 
signal by means ol; block coding or by means o-i permuta- 
tion . 

2*5, The method, according £o ona of clairasi 1 to 19., 

wherein the data symbols {cj") are modulated onto sub- 
carriers which are orthogonal to each other , 

21, h mulciplexer (M) adapted to mult iple.x data words, in 
accordance with the method according to one of claims I? 
to 20 , 

22, & demultiplexer adapted to demultiplex data, words? multi- 
plexed by the multiplexer of. claim 21 * 

i : .3t; .A transceiver lor cc^rwpnication,- comprising .afc s , 

leant one of a mSM^&m^ Molding to claim 21 and a 
d@m^^bi^l^^4±: : ; dc:dor:di% to claim 32 . 
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